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[WHAT IS CLAIMED IS:] 



[CLAIM 1] 

In a two-stage reverse osmosis membrane treatment method comprising the steps 
of, adding acid to raw water containing hydrogen carbonate ions, decarboxylating the 
acid-added water, obtaining primary penetrated water by treating the decarboxylated water 
with first reverse osmosis membrane equipment, and obtaining secondary penetrated water 
by treating the primary penetrated water with second reverse osmosis membrane 
equipment, said two-stage reverse osmosis membrane treatment method comprising the 
steps of: 

adding a sufficient amount of alkali to decarboxylated water so that the residual 
carbonic acid can be converted to hydrogen carbonate ions and/or carbonate ions as much 
as possible; 

treating said alkali-added decarboxylated water with the first reverse osmosis 
membrane equipment to obtain the primary penetrated water; and 

treating said primary penetrated water with the second reverse osmosis membrane 
equipment to obtain the secondary penetrated water. 

[DETAILED DESCRIPTION OF THE INVENTION] 

<TECHNICAL FIELD> 

The present invention relates to an improvement of a two-stage reverse osmosis 
membrane treatment method adopted for the production of cleaning water for the use with 
semiconductors in the electronic industry or water for manufacturing medicine. 

<PRIOR ART> 

As a means for removing salts contained in water, a distillation method, an ion 
exchange membrane method, an ion-exchange resin method, a reverse osmosis membrane 
method and so on are cited. When raw water such as river water, lake water, water for 
industrial-use, or tap water having a water quality of the total cation content of around 300 
mg/1 or less (in terms of CaC03) is targeted, a reverse osmosis membrane method is often 
adopted because energy cost is relatively low, and organic substances and fine particles 
co-existing in water with salts can be removed simultaneously. '* 

For manufacturing pure water of a so-called extra-pure water level such as water 
for cleaning semiconductors or for manufacturing medicines where organic substances or 
fine particles as well as salts in water are required to remove as much as possible, the use 
of reverse osmosis membrane equipment is essential. In manufacture of pure water of 
such an extra-pure water level, a combination system of reverse osmosis membrane 
equipment and ion-exchange equipment is the mainstream. In this combination system, 
penetrated water having the total cation of around 10 ppm or less is first obtained by 
treating the raw water with reverse osmosis membrane equipment and then the penetrated 
water is treated with ion-exchange equipment. 
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In such a combination system of the reverse osmosis membrane equipment and the 
ion-exchange equipment, it is preferable to remove salts as much as possible at the former 
stage of reverse osmosis membrane equipment, because the load of the latter stage ion- 
exchange equipment can be reduced. Accordingly, a two-stage reverse osmosis 
membrane treatment method has becomes popular in these days. 

That is, the raw water is supplied to first reverse osmosis membrane equipment to 
obtain primary penetrated water having the total cation of around 1 0 ppm or less, and then 
the primary penetrated water is supplied further to second reverse osmosis membrane 
equipment to obtain secondary penetrated water having the total cation of around 1 ppm or 
less. The secondary penetrated water thus obtained is used as supply water for the latter 
stage ion-exchange equipment. 

As the ion-exchange equipment, a cartridge type mixed bed polisher is in use in 
which a non-reusable mixed resin of strongly acidic cation-exchange resin and strongly 
basic anion-exchange resin is filled to omit neutralization treatment of reusable waste 
liquid and to simplify the operation control. 

However, the above-described two-stage reverse osmosis membrane treatment 
method has the following disadvantages. 

That is, in order to improve the recovery percentage of the penetrated water, it is 
necessary to make high the rate of condensation of the condensed water discharged to the 
outside of the system. Accordingly, if the raw water contains calcium ions, the 
membrane might be contaminated by calcium carbonate deposited on the membrane 
surface. 

Conventionally, therefore, in order to evade the above disadvantage, while adding 
acid to the raw water to lower pH to prevent calcium carbonate from depositing, the raw 
water is treated with a reverse osmosis membrane. 

Incidentally, when acid is added to the raw water, a portion of, or most of 
hydrogen carbonate ions, nearly all of which can be removed normally with the reverse 
osmosis membrane, are converted into carbonic acid which can hardly be removed by the 
reverse osmosis membrane. Therefore, the carbonic acid is usually removed by treating 
with a so-called decarbonater or a vacuum degassing tower, in which acid is first added to 
the raw water, and the acid-contained raw water is allowed to flow down from the upper 
portion of a column packed by such as the Raschig ring or the like, while gas such as air is 
filled from the bottom portion of the packed column. 

However, in the conventional decarboxylation treatment, the efficiency of 
decarboxylation is insufficient, and the residual carbonic acid is still contained in the 
primary penetrated water in the first reverse osmosis membrane equipment. 

Even if this primary penetrated water is further treated at a second reverse osmosis 
membrane equipment, the carbonic acid can not naturally be removed and after all 
penetrates through into the secondary penetrated water as it is, which results in increase of 
ion load of the latter stage ion-exchange equipment. 

Therefore, conventionally, a method has been adopted, in which alkali such as 
sodium hydroxide solution or the like is added to the primary penetrated water in the first 
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reverse osmosis membrane equipment to convert carbonic acid in the primary penetrated 
water to hydrogen carbonate ions (HC03-) and/or carbonic ions (C03-) which can be 
removed with the reverse osmosis membrane, and then the alkali-added water is treated 
with the second reverse osmosis membrane equipment. 

A brief description of the principle of the conventional two-stage reverse osmosis 
membrane treatment method is as follows. 

The treatment method comprises the steps of: adding acid to the raw water (the 
main object; reduction of pH of the raw water to prevent calcium carbonate scale from 
depositing on the reverse osmosis membrane surface), decarboxylation treatment of the 
acid-added water (the main object; removing carbonic acid in advance as much as possible 
which can not removed by the reverse osmosis membrane equipment); obtaining the 
primary penetrated water by treating the decarboxylated water with the first reverse 
osmosis membrane equipment (the main object; primary desalting), adding alkali to the 
primary penetrated water (the main object; converting the residual carbonic acid in the 
primary penetrated water into hydrogen carbonate ions and/or carbonate ions), obtaining 
the secondary penetrated water by treating the alkali-added primary penetrated water with 
the second reverse osmosis membrane equipment (the main object; secondary desalting). 

However, the above-described conventional two-stage reverse osmosis membrane 
treatment method treats the decarboxylated water as it is that contains the remaining 
carbonic acid with the first reverse osmosis membrane equipment. The disadvantage lies 
in this point. 

That is, if it is treated with a decarbonater and the like, the concentration of the 
carbonic acid in the decarboxylated water is usually around 6 ppm (in terms of calcium 
carbonate) and since the decarboxylated water is treated as it is in the first reverse osmosis 
membrane equipment, nearly the same amount of carbonic acid is contained in the primary 
penetrated water, as previously mentioned. 

Even if alkali is added to the primary penetrated water to convert the carbonic acid 
into ions of carbonic acid component such as hydrogen carbonate ions and/or carbonate 
ions, the ions which compose carbonic acid are not easy to remove with a reverse osmosis 
membrane as compared with a mineral acid anion such as sulfate ions and chloride ions, 
and the total amount of ions in the secondary penetrated water can not be reduced so much 
as expected. 

<PROBLEMSTO BE SOLVED BY THE INVENTION> 

An object of the present invention is to reduce the total ion amount in a 
secondary penetrated water in a two stage reverse osmosis membrane treatment method by 
precluding carbonic acid components such as carbonate ions and/or hydrogen carbonate 
ions in raw water with first reverse osmosis membrane equipment as much as possible so 
that the ion load of ion-exchange equipment provided on the latter stage is reduced, and to 
reduce a total running cost. 

<MEANS FOR SOLVING THE PROBLEMS> 

In a two-stage reverse osmosis membrane treatment method according to the 
present invention to achieve such an object comprising the steps of, adding acid to a raw 




water which contains hydrogen carbonate ions, decarboxylating the acid-added water, 
treating the decarboxylated water with first reverse osmosis membrane equipment to 
obtain the primary, penetrated water, and treating the primary penetrated water with second 
reverse osmosis membrane equipment to obtain the secondary penetrated water, wherein 
the two-stage reverse osmosis membrane treatment method comprises the steps of: adding 
alkali in an amount capable to convert residual carbonic acid in decarboxylated water into 
hydrogen carbonate ions and/or carbonate ions as much as possible; obtaining primary 
penetrated water by treating the alkali-added decarboxylated water with first reverse 
osmosis membrane equipment; and then obtaining secondary penetrated water by treating 
the primary penetrated water with second reverse osmosis membrane equipment. 

<OPERATION> 

The present inventor found that when so-called decarboxylated water which is 
obtained by adding acid to raw water containing hydrogen carbonate ions to convert the 
hydrogen carbonate ions into carbonic acid, and treating the water with a decarbonator or 
a vacuum degassing tower to release most part of carbonic acid in the water as carbon 
dioxide gas, is treated with reverse osmosis membrane equipment, if so-called alkaline 
decarboxylated water in which alkali such as sodium hydroxide solution or the like is 
added to the decarboxylated water to convert a small amount of carbonic acid remained in 
the water to hydrogen carbonate ions or carbonate ions, a scale caused by calcium 
carbonate does not attach oh -the reverse osmosis membrane. 

That is, even when calcium ions exist in water to be treated with a reverse osmosis 
membrane, calcium carbonate is not created even if the pH of the system is alkaline, 
because the amount of carbonate component which is one component of calcium 
carbonate becomes small due to advance decarboxylation treatment. 

The present invention is carried out on the basis of the above-described 
information, alkali is positively added to decarboxylated water to convert small amount of 
the carbonic acid remained herein into hydrogen carbonate ions and/or carbonate ions, and 
the carbonate component is effectively removed by treating the-above alkali-added water 
with first reverse osmosis membrane equipment. 

In a conventional two-stage reverse osmosis membrane treatment method, since 
decarboxylated water in which carbonic acid remains is treated as it is with first reverse 
osmosis membrane equipment, the carbonic acid penetrates through into primary 
penetrated water substantially without changing its concentration. 

Accordingly, as for the removal of carbonic acid, the first reverse osmosis 
membrane is not involved practically, the carbonic acid is removed exclusively with the 
second reverse osmosis membrane equipment by converting it into hydrogen carbonate 
ions and/or carbonate ions. 

However, in the present invention, since carbonic acid in decarboxylated water is 
converted into hydrogen carbonate ions and/or carbonate ions and is treated with two 
stages of the first reverse osmosis membrane equipment and the second reverse osmosis 
membrane equipment, the total ion amount in the secondary penetrated water can be 
reliably reduced. 

Flow of an embodiment of equipment performing the present invention will be 
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explained with reference to drawings. 

As shown in FIG. 1 , acid is added using an acid supply pump 3 from an acid tank 2 
which accommodates acid such as hydrochloric acid, sulfuric acid and the like, to raw 
water 1 which is pretreated as necessary by coagulating sedimentation, filtration, and 
activated carbon treatment. 

The addition of the acid is to convert hydrogen carbonate ions existing in the raw 
water into carbonic acid by the following reaction (when sulfuric acid is used as acid). 

HC03- + 1/2H2S04 -H2C03 + 1/2S04- 

As shown in FIG. 2, carbonate component becomes H2C03, HC03-, and C03- 
according to pH of the water in the system, and becomes carbonic acid (H2C03) in the 
acidic side. 

Accordingly, the raw water after adding acid is allowed to flow consecutively into 
decarboxylation equipment 4 to release produced carbonic acid as carbon dioxide gas. 

As the decarboxylation equipment 4 used in the present invention, a so-called 
decarbonater in which raw water is flowed down from an upper portion of a tower filled 
with a filler for gas-liquid contact such as the Rashig ring and the like and air is blown in 
using a blower 5 from a lower portion of the tower to remove the carbonic acid in the raw 
water as carbon dioxide gas, or a so-called vacuum degassing tower in which gas is 
absorbed from an upper portion of the tower filled with the previously-described filler 
with a vacuum pump and the like can be used. 

As shown in FIG. 2, when pH of the system becomes below 4.5, hydrogen 
carbonate ions in the raw water substantially become carbonic acid. 

Accordingly, pH of the water to be treated in the decarboxylation equipment 4 is 
detected with a pH electrode 6 to adjust the flow-in amount of acid by controlling an acid 
supply pump 3 instrumentally so that the pH of the water to be treated is below 4:5. 

It should be noted that the adjustment of the pH of water at the inlet of the 
decarboxylation equipment 4 to a range of 4.5 to 5.5, which is carried out conventionally 
for decarboxylation treatment is not favorable. 

This is because the pH increases due to removal of carbonic acid during the 
decarboxylation treatment, which causes a conversion of a portion of carbonic acid into 
hydrogen carbonate ions and allows the carbonate components to remain. 

As shown by the flow in FIG. 1, carbonic acid can be removed as much as possible 
by decarboxylating while the pH of the water to be decarboxylated is always kept below 
4.5. 

It should be noted that if the pH of the water to be decarboxylated is made too low, 
it causes increase of ions as much. Therefore, in the present invention, it is preferable to 
keep the pH of the water to be decarboxylated in the range of 4.0 to 4.5. 

After the above steps, alkali is added to the decarboxylated water from which 
carbonic acid is removed as much as possible. The alkali is added from an alkali tank 7 



which accommodates alkali such as sodium hydroxide solution and the like using an alkali 
supply pump 8. 

The addition of alkali is to convert carbonic acid remaining in the decarboxylated 
water into hydrogen carbonate ions and/or carbonate ions by the following reaction (when 
sodium hydroxide is used as alkali). 

H2C03 + NaOH— Na+ + HC03- + H20 

H2C03 + 2NaOH-*2Na+ + C03-- + 2H20 

As shown in FIG. 2, when pH of the system becomes 8.0 or more, most of 
carbonic acid in the water become hydrogen carbonate ions or carbonate ions. 
Accordingly, pH of the water after alkali is added is detected with a pH electrode 9 to 
adjust the flow-in amount of alkali by controlling an alkali supply pump 8 instrumentally 
so that the pH is kept more than 8.0. 

When pH is made too high, the amount of ions is increased as much. 
Consequently, the pH is preferably adjusted to be in the range of 8.0 to 8.5. 

Thus, the decarboxylated water to which alkali is added is supplied to first reverse 
osmosis membrane equipment 1 1 with a pump 1 0 to perform a first stage treatment. 

As described before, carbonic acid in the supply water of the first reverse osmosis 
membrane equipment 1 1 is converted into hydrogen carbonate ions and/or carbonate ions 
as much as possible, so that they can be sufficiently removed by the reverse osmosis 
membrane, differing from the carbonic acid to yield primary penetrated water 12 that does 
not contain carbonic acid and primary condensed water 13 in which ions are condensed. 

Next, the primary penetrated water 12 is further treated at a second stage by second 
reverse osmosis membrane equipment 14 to obtain secondary penetrated water 15 and 
secondary condensed water 16. Incidentally, since the secondary condensed water 16 is 
comparatively good in water quality, it is usually recovered to, for instance, a raw water 
tank using a recovery pipe that is not shown. 

The secondary penetrated water 15 thus obtained is used as it is or through further 
ion-exchange treatment, for cleaning semiconductor or for manufacturing medicine and 
the like. 

<EFFECT> 

As above explained, the treatment according to the present invention comprises the 
steps of: adding acid to raw water to convert all hydrogen carbonate ions existing in the 
raw water into carbonic acid, removing the carbonic acid by decarboxylation treatment as 
much as possible, then adding alkali to the decarboxylated water to convert a small 
amount of the carbonic acid remaining in the decarboxylated water into hydrogen 
carbonate ions and/or carbonate ions as much as possible, and then treating in two-stage at 
reverse osmosis membrane equipment. Accordingly, carbonate component existing in 
the raw water can be effectively removed so that the amount of ions in the secondary 
penetrated water can be drastically reduced, compared with the conventional treatment 
method. 



Accordingly, when the secondary penetrated water is treated with, for instance, a 
non-reusable cartridge type mixed bed polisher, the exchange frequency of the polisher 
can be extensively prolonged so that the running costs for manufacturing extra-pure water 
can be drastically reduced. 

A preferred embodiment will be explained hereinafter to clarify the effect of the 
present invention. 

Example 

City water having a water quality shown in Table 1 , treated with a sand filtration 
and an activated carbon filtration is used as raw water. The present invention is carried 
out based on a flow shown in FIG. 1 . 

Sulfuric acid is added to raw water so that the pH of water to be decarboxylated is 
4.0, and decarboxylation treatment is carried out. Sodium hydroxide solution is added to 
the decarboxylated water so that the pH of the decarboxylated water is 8.0. The 
decarboxylated water with the pH value of 8.0 is treated with first reverse osmosis 
membrane equipment installed with NTR-739 (a reverse osmosis membrane, 
manufactured by Nittoh Denko Co., Ltd.). The primary penetrated water is further 
treated with second reverse osmosis membrane equipment installed with SU-720 (a 
reverse osmosis membrane, manufactured by Toray Co., Ltd.) to obtain secondary 
penetrated water. The water quality of the primary penetrated water and the secondary 
penetrated water at this time is shown in Table 2 and Table 3. 

Incidentally, while the present treatment is continued for 720 hours (30 days), the 
amount of penetrated water of the first reverse osmosis membrane equipment has not been 
detected to decrease. 



Table 1 Water quality of Raw Water 

Cation Quantity (ppm as CaC03) Anion Quantity (ppm as CaC03) 

Ca2+ 42 . HC03- 52 

Mg2+ 20 S04- 29 

Na+ + K+ 40 CI- 21 

Total cation 102 Salt formation anion 102 

Silica 13 

Carbonic acid 12 

Total anion 127 
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Table 2 Primary Penetrated Water- 
Cation Quantity (ppm as CaCOG) Anion Quantity (ppm as CaC03) 

Ca2+ 0.42 HC03- 0.19 

Mg2+ 0.20 S04- 0.93 

Na+ + K+ 1.20 CI- 0.70 

Total cation 1.82 Salt formation anion 1 . 82 

Silica 2.30 
Carbonic acid 0.0 

Total anion 4.12 

Table 3 Secondary Penetrated Water 

Cation Quantity (ppm as CaC03) Anion Quantity (ppm as CaC03) 

Ca2+ 0.01 HC03- 0.01 

Mg2+ 0.01 S04- 0.03 

. Na+ + K+ 0.06 CI- ' 0.04 

Total cation 0.08 Salt formation anion 0.08 

Silica 0.03 
Carbonic acid 0.0 
Total anion 0.11 



Comparison Example 

Sulfuric acid is added to the same raw water as is used in the example to adjust the 
pH to be 4.0 and the raw water having the pH of 4.0 is decarboxylated. The 
decarboxylated water is treated with the same first reverse osmosis membrane equipment 
as is used in the example to obtain primary penetrated water, of which pH is adjusted to be 
8.0 by adding sodium hydroxide solution. Then, the primary penetrated water having the 
adjusted pH of 8.0 is treated with second reverse osmosis membrane equipment that is the 
same equipment as is used in the example to obtain secondary penetrated water. Water 
quality of the primary penetrated water at this time, the primary penetrated water after 
adjusting the pH to 8.0, and the secondary penetrated water are listed in Table 4, Table 5 
and Table 6. 
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Table 4 Primary Penetrated Water 

Cation Quantity (ppm as CaC03) Anion Quantity (ppm as CaC03) 

Ca2+ 0.42 HC03- 1.72 

Mg2+ 0.20 S04- 0.93 

Na+ + K+ 2.73 CI- 0.70 

Total cation 3.35 Salt formation anion 3.35 

Silica 2.30 

Carbonic acid 6.00 

Total anion 11.65 

Table 5 Primary Penetrated Water adjusted to pH 8.0 

Cation Quantity (ppm as CaC03) Anion Quantity (ppm as CaC03) 

Ca2+ 0.42 HC03- 7.72 

Mg2+ 0.20 S04- 0.93 

Na+ + K+ 8.73 CI- 6.70 

Total cation 9.35 Salt formation anion 9.35 

Silica 2.30 

Carbonic acid 0.0 

Total anion 11.65 



Table 6 Secondary Penetrated Water 

Cation Quantity (ppm as CaC03) Anion Quantity (ppm as CaC03) 



Ca2+ 


0.01 


HC03- 


0.41 


Mg2+ 


0.01 


S04- 


0.03 


Na+ + K+ 


0.46 


Cl- 


0.04 


Total cation 


0.48 


Salt formation anion 


0.48 






Silica 


0.03 






Carbonic acid 


0.0 






Total anion 


0.51 



As is shown in the water quality of the secondary penetrated water in the example 
and comparison example, in the present invention, the total amount of cation is 0.08 ppm, 
the total amount of anion is 0.1 1 ppm, while in the conventional method, the total amount 
of cation is 0.48 ppm, the total amount of anion is 0.51 ppm (in terms of CaC03). Thus, 
according to the method of the present invention, the secondary penetrated water having 
the total cation of about 1/6 of the conventional method, and the total anion of about 1/5 
compared therewith can be obtained. 

Accordingly, when the secondary penetrated water is further treated with ion- 
exchange equipment, the time period that can pass water through the ion-exchange 
equipment can be at least about five times as much as that in the comparison. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a diagram for explaining a flow of an embodiment of equipment 
according to the present invention; and 

FIG. 2 is a diagram showing mole ratios of carbonic acid, hydrogen carbonate ion 
and carbonate ion in accordance to pH where the vertical axis shows mole ratio and the 
horizontal axis shows pH. 



[EXPLANATION OF CODES] 

1 raw water 

2 acid tank 

3 acid supply pump 

4 decarboxylation equipment 

5 blower 

6 pH electrode 

7 alkali tank 

8 alkali supply pump 

9 pH electrode 

1 0 pump 

1 1 first reverse osmosis membrane equipment 

1 2 primary penetrated water 

13 primary condensed water 
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14 second reverse osmosis membrane equipment 

1 5 secondary penetrated water 

16 secondary condensed water 
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t - * y 


g (ppa as 
CaC0 3 ) 


C a * * 
M g l< 
Na" + K * 

y 


0. 4 2 

0. 2 0 

1. 2 0 
1. 8 2 


H C O 3" 
SO.' 

C £ - 

•> 'J * 

£ 7 - * y 


0. 1 9 
0. 9 3 

0. 7 0 

1. 8 2 

2. 3 0 
0. 0 

4. 1 2 





(ppa as 
CaCO,) 




g (ppn as 
CaCOs) 


C a * * 
M g 

Ma* + K * 

£ ij * y 


0. 0 1 

ft fi 1 

0. 0 6 
0. 0 8 


H CO - 

ci - 

£7 y 


0. 0 1 
0. 0 3 
0. 0 4 
0. 0 8 
0. 0 3 
0. 0 
0. 1 1 



$mmxm *fc £ cj^^^^t p h 4 . o 



fo^pH8. Oi^ML7t-*Si§zK^3I^J*Cffi^ 

r<o«F©— ftatia*. ph^s. ptiw»a<o— ftaa 

-To - V 



.* * y 


g (ppa as 
CaCO a) 


7 ~* y 


g (ppn as 
CaCOs) 


Ca** 
Mr 1 * 
Na* + K * 

y 


0. 4 2 
0.2 0 

2. 7 3 

3. 3 5 


H COj' 

so,- 
c t- 

> «j * 

£-7-*y 


1. 7 2 
0. 9 3 

' 0. 7 0 
3. 3 5 

2. 3 0 
6. 0 0 

1 1. 6 5 


p H 8. 0 £SlS£kfc-&jliS* 


* y 


g (ppa as 

CaCO,) 


7 y 


ft (ppa as 
CaCOa) 


C a *• 
M g ** 

Na* + K * 

£ * it y 


0. 4 2 
0. 2 0 

8. 7 3 

9. 3 5 


H COj" 

sor 

C i ~ 

i/ V * 
£ 7 - * y 


7. 7 2 
0. 9 3 
0. 7 0 
9. 3 5 
2. 3 0 
0. 0 
1 1. 6 5 



11 



* * * V 


:J£ (ppn as 
CaCOs) 


7 ~* V 


fi" (PP« a s 
CaCO,) 


C a'* * 

Me 1 

Na* + K * 

V 


0. 0 1 

A A 1 

0. 4 6 
0.4 8 


HCOj" 

O KJ 4 

Q . jg - 

^7 - * v 


0. 4 1 
0. 0 3 
0. 0 4 
0. 4 8 
0, 0 3 
0. 0 
0.5 1 



^T—^VO. lip pmi-^bT. teSfc^T'te^ 
ftyO. 48ppm, ±T~Jri/0. Slp'pm 



1 








3"* 




4 






••^ny% 6- 


-PH 




7*- 




8 




20 9 — 


•pH®& 1 0 




1 1 * 


mvmm 


»S 




1 2- 


— &3§StK* 


1 3- 


&&&izK 


1 4- 


S2ffiS£IH 






.15* 


~&3ifi^ 


1 6- 






